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ANALYSIS OF VALIDATION DATA SETS IN THE
CLASS A PERFORMANCE EVALUATION PROGRAM®

B. D. Hunn
Solar Enerqgy Group
Los Alamos National Laboratory
Los Alamos, NM 87545 USA

ABSTRACT

The primary objective of the DOL Passive
Solar Class A Performance Evaluation Program
is to collect, analyze, and archive detailed
test data for the rigorous validation of
analysis/design tools used for passive solar
research and design. This paper presents
results of the analysis and quatification of
several one- and two-week data sets taken at
three Class A test sites for the purpose of
validating envelope and thermal.storaae-
energy-transfer processes !'n passive solar
analysis/design tools, Anylysis of the data
srts consists of editing the measured data
and comparing these data with similated per-
formance results using public-domain, passive
solar analysis tools and a standard reporting
format drveloped for the Clas< A program.
Comparisnns of the measured data with results
usi1ng the DOC-? computer program are pre.
sented,

1. INTRODUC T INN

Under the DOE Passive Solar Clagn A Perform-
ance Evaluation Program, in proqress since
1950, detailed hourly prrformance data are
heing collected, analyzed, and arch,ved for
the primary purpose of riouront calidation
of analysis and design tools (hoth eumponent
models and comolete tools) used for passive
solar research and desiqn,  The | os Alamos
National Labcratory, working rlosely with
the Solar [nergy Research Institute (SERD),
is coordinating this effort,

The Class A program, originally outlined in
a SERD report (1), has been developed and
rrpandnd as deseribed in Ref, 2. SURY and
the National Bureau of Standards (NBS) have
tiran actively involved tn the program since
fts hegtnning. Although the (nittal thryst
invalves test cells, small unoccupled test
butldings, and & residence, the progran

swork sponsgred hy the US Department of
Unevay, Offfce of Solar Heat Technologley,
Passive and Hybrid Systess Division,

ic tn pe expanded later to include commercial
buildings and other test facilities.

Validation of saveral public-domain, hour-by-
hour computer programs is essential to in-
still confidence in the research community

in their use for passive solar research and
applications, Turthermore, hecause virtually
all simplified design tools used by passive
solar desinnrrs are hased on correlations of
results using the hour-by-hour programs,
vali1ation of thece primary, reference pro-
qrams is essential,

This paper presents results of the analysis
and qualification of s~veral one- and two-
week data sets taken at three Class A test
sites for the purpase of validating onvelope
ard thermal storage-enerqy.-transfer processes
v hour by hnur passive <olar analysic/deciqn
toals.  Analysis of the daty sets ronsists of
checking, sereening, and reformatting “he
data within the context of the validation
methodolagy dnveloped under the Class A pro-
qvam ().

UE_TEST pATA

To check the usabidity and effectivenrss of
data vets and the ompirical tests {n the
Class A validation methodaloqy (1), we com.
pared the measured data sets with simulated
results using public-domaln, pas-ive Lolar
analysis/deqiqn tools and a standard re-
porting format, To {11iustrate the data anal.
ys!s procedures, we compared hourly wpace
temporatures and auriliary energy use with
similattons uning the (RF-2 hutlding-enerqy-
analysis computer program,

2o TROCEDURES FOR COLLECTION AND ANALYSIS

Data sets for full program validation have
been collected at several Clasy A pas,ive
heating test facilitieg; the renrpsentative
ity sets discussed heve wore collincted at
the SURT vatsdation Test House in Golden,
Colorado; at the NBS Passive Tect Facility
tn Gatthershurq, Maryland; and at the Lo-Cal
Houte in Champaign, [1Vinnty,



Upnn receipt of raw data tapes from a given
site, the data were checked for accuracy and
completeness, missing data periods were
deleted or the missing data were filled In
using average values for adjacent hours, or
were correlated with known variables. The
data were edited using 3 specialized input
preprocessor for the DOE-2 program; this
placed the imeasured weather data and build-
ing-opeiating data in a DOE-2 readable
format,

Drawings and specifications of the facility,
toqether with conversations with the site
operators, provided detailed building-
construction data and dimensions. Measured
thermnphysical property data were obtained
wheorever possible,

With this information and the measured §ite-
weather data, we prepared DOE-2 input that
reflected the description of the building
and its operation during the one- tn two-
weck period for which performance data were
mcasured, DME-2 was then run, qenerally for
3 single -week, continuous period; measured
hourly temperatures and/or au<iliary-heating
enerqy were then compared with the samglated
resylts.  The measured and predicted results
were then compared and analyred on yn hourly
and total-run-period hasis. Summary data
plots and statistics were preparwl in a
standardized format developed for the

Class A proqram,

3. ANALYSID OF TXAMPLE DATA SFTS

Examples of the data-analysis procedures are
afven below:

J.1 SERI Validation Test House: April 1ou?
r‘\'d o

A data tape from the SERI Validation Test
House, for the perfod April 12.26, 198", has
rocently heen analyzed. The StRI Valiudation
Test House, an unoccupied single- slury rame
house of approximately 91,5 mg (1008 1t )

i flcor area, fs well insulated and tightly
constructed. It Includes a craw) space and
an atide, aad has substantia) south-facing
qlazing for direct gain, A lyyer of bricks
has heen placed on the Vving room and soath
hedroom fleory to provide thermal starage
mass. A multizone tracer-qas monitor!ng
system was used to take hourly infittration
measyrement s, Hourly weather and solar
vaftation data were atso taken at the yite,

A detarled description of the bulldln2 and
ity fuitrumentytion {4 given in Ref

The peviod chosen for analysiy was April 20-
26, 1987 0 during which the auviliary heating
wan controlled to matntatn a JA 47 (265

setpatnt,  Firct 4 four 2one simalat fon was
performed using DOE-C with tabulated destan
viluyes 19) for theranphyntcal prope e, and

wpet ating characteristicoa,  but uaing weather

data measured at the site. This represents
the characteristic precision of input data
available to an analyst familiar with the
building, but not having measured property
and operating data,

Figure 1 shows the weather patterns anu a
comparison of measured and predicted tem-
peratures for the kitchen. Note Lhat the
temperature comparison is not particularly
yood, with an rms difference for the 168
hours of 3.4°C (6.1°F). This is primarily
because a typical, residential, internal-
heat-qatn rate for a family of 4 (0.08 kW or
18,000 Btu/person-day) was used in DOE-2,
uhereas the measured value was signlricantly
lower. However, results for the south bed-
room are better, with an rms difference of
1.1°C (2.0°F). Similar results are ohtained
for the auxiliary-heating energy for the
kitchen. DNOE-2 overpredicts the auxiliary
heating required: the rms difference for all
the 168 hours 1s 0.3] kW, but with a strong
overprediction hias,

Fiqures 2 and 3 show similar results, except
that measured tnput values for selected
thermophysical properties {wall and cniling
fnsylation, exterior-surface absorptances,
window conductances, and ground ref'sctances)
and operating characteristics (infi.tratton,
internal heat ga.ns, thermstat set points,
and qround temperatures beneath the hutlding)
wore used in the simulation, The comparison
ts improved to an rms temperature difference
of ¢nly 1.18°C (?2.1°F), and an rms auxiliary.
heating difference of 0.0) kW.

A statistical summary of tha predicted vs
mrasured data for the case where measured
input values were used Is shown in Tahle [,
Root -mean- square, mean, and mgaximnum difler-
enensg gre presented for hourly space-air
temperateres and auxiliary-heating encrqy,
for each of the four zones: these are aqqre-
aated for the building as a whole for the
auxiliary-heat{ng enerqy. These rerults
indicate excellent agreement In the tempera-
tyrec j h 'ms differences typically about
1c¢ 1.8 Y, and maximum differences about
2-3°C (3.6.5.4°F). AuxiVtary heating for
the butldirg {s typically predicted to
within 0.4 .\l on an hourly basis, Prak

heat ing lnad$ for the full.run period are
predicted to withian 9%,

1.7

Nf_!'%_rp!rm‘! fain Test Cell: Octoher
1947 gty )

A date tape has heen processed for the
October 20 26, 1081, pertod for the NBS
Direct .Gatn Test Coald, This single-zone
0,7 (130 1) ylah.on qrade test

crll ineludes south-facing patio door unit-
and & clercvtory window for solar gain (6)
Therma) mass I8 contataed In the 10 ¢m

o tn, Y thick fhpor Alah and tn a4 PO cm
o Y ataek s soltd core concrele hlack



PREDICTED & MEASURED AIR TEMP.

e SERi VAL .DATION TEST HOUSE ~
[ 30 1000 [3
2 20 La00 3
o WA -600 2
3 0- -400
g v - 200 g
<« -2 0 =
oa 404 l l
30 _‘f\q-—-— = = . —
& i~ =\ e T e e
2 20 . T ] 1
<
I 01— -
Y o
oo KiTCHIN
Q — —DV TIRINCE
L < WIASURLD
S oS eTeN TR TT | #RrDICIED
S . \V'J gal:m/ V) P BN
a ! | <101 nom
=10 y v v | RS SN PR R ST
20 n 11 HF) 14 13 "
APPIL RuS DIFr 338
1382 MAX Difm-6 72
Fg. 1. Predicted vs mrasured space-alr temperatures for the SFRI

Validation Test Mouse--base case with tabulated Inpat values,

therma) storage mass on the north wall,
Durang the gnoccupred Octolier 198 test
period, the 11 was operated in a flpating
temperatvre o e with no night ansolation on
the apertures,

DNE-2 Input far the test cell was prepared
i bng detadled drawings and specitfication,
and measuved properties for the concrete
slab and concrete.hlock wall, and tahulated
properties (&) for all other materialg,
Measured values of solar absorptances of
rxterior and interlor sortace materialy, a8
well a5 Infiltration ar. tnternal heet gaing
(measured on an hour-hy hour hasis), were
uimd for the DOE-2 {nput,

A comnarison hetween measured space tempera-
tures (n the test cell and ‘hose predicted

by DOF-2 ts shown in Fig. 4. Note that the
difference between predicted and measured
tenperatures |y small except ‘or the cloudy
days of October 1 22 where DOL-?2 aver.
predicty the space temperature,  Thiy differ-
ence fa quantified by the 2,1°¢ (1,8°7T)

vine difference noted for the 160 b test
pertod,  The convistent hlas we noted toward
overprediction s Vihely a resuli of the
fatrly crude earth.contact heat t-anfor
midel in NOf-?2 that does not proper 'y account
fur the etfective storgas mass in the floor
shab,  Carefud anatynin aluo reveda.ed that
the Tow Intensity solar radial ton mevugre
ment s were nat rediahle,

1.2 Ln.Cal House:  danuary-Febrysry 19A2

Myia
—2

A data tape for an unoccupted b-day period
curing late January and early February 1942
at the to-Cal House has also ann analyged,
These data are from the 15K-m (1700.f72 Y.
single. fanily restdence when the space tem-
perature was controailed by thermosntats on
eleclelc resistance heaters placed in severa)
rooms of the honse (1), The sun-tempered
house uses myderate south glaring foar direct
agaln, but rcontaing np extra therma) mass,

The house was modeled as 8 single rone using
the 02 computer program with measured
tnfiltration avt interna) gainy, hut with
tabulated maverial properties, A comparison
hetween measured space-alr temperatures and
those predactod by DOF-2, ts shown in 7iq. &,
For this case agreesment {8 nood, with an rms
difference of 0,9°C (1.6°F).

A, CONCLUSIONS
Th-ough our analyers of Class A daty sets to
date, we have concluded the following:

(n

Archivable data sets are available from

A, STRT Validation Test Hoyue:

1oy,

Apr it
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TABLE 1

SUMMARY STATISTICS FOR PREDICTED/MCASURED CuMPARISON
FOR SCRT VALINATION TEST HOUSE
(APRTL 1982 DATA WITH MEASURED INPUT VALUES)

Peak
Hourly Temperature Hourly Auxiliary- Heat ing-
Difference Heating Difference Load
(e kW) Difference
Zone rms mean*  max rms__ mean’  max (=)
Kitchen 1.15 1.03 2.00 .03 .ol -.24 -82
Living/Dining 1.01 .12 3.17 A7 012 -.51 -9
Room

South Bedroom .79 .53 2.61 1 .08 -.29 -2

North Bedroom 1.23 .94 3.22 .20 14 -3 =12
Building 0.43 0.7 -T.Z8 -9

*Mean ahsaTule difference.
b. NBS Direct-Gain Test Cell: October Institute report SERI/PR-721-788 (Octoher

1941,

¢. Lo-Cal House: January-Fehruary 1982,
Several other Class A data sets have hecen
taken but have not yet been analyzed.

{2) A standard Class A reporting format for
predicted vs mrasured hourly space-air
teinperature data, and for nourly and
total-run-pericd, auxiliary-heating
enerqy dat:, has been developed, This
reporting fornat is highly useful fo
quantifying predicted vs measured com-
par isons and for facilitating com-
parisons among different sites,

(1)) The predicted vs meacured comparisons
shomn {n this paper provide a prelim-
inary validation of the cnvelope and
thermal-storage-energy-transfer pro.
cesses in the DNE-2 building-enerqy-
analysls camputer program, For a
well-zontrollad test bullding, rins
temperature differences of about 1°C
(1.8°F) can be exprcted over a 1 .weck
run perind.
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